Abstract Expression of intracellular heat shock protein 27 (Hsp27) rises in the brain of animal models of cerebral ischemia and stroke.
Acute ischemic stroke (AIS) is a leading cause of morbidity and mortality worldwide (van der Worp and van Gijn 2007) . Heat shock protein-27 (Hsp27), an intracellular polypeptide with cytoprotective activity, is potently induced by both ischemic and oxidative stress (Brownell et al. 2012) . In experimental models of cerebral ischemia/stroke, there is a rapid induction of Hsp27 into the brain (Brownell et al. 2012; Kato et al. 1995; Imura et al. 1999 ). In addition, in vivo and in vitro studies have shown that Hsp27 overexpression confers neuroprotection against ischemic cerebral injury by inhibiting activation of the apoptosis signal-regulating kinase 1 and, subsequently, the mitochondrial prodeath cascade (Stetler et al. 2008) . Hsp27 is also released into the circulation in response to either cell damage or cellular stresses and extracellular Hsp27 is biologically active as it can modulate both inflammatory and immune processes (Banerjee et al. 2011; Salari et al. 2013) . We have previously reported that serum Hsp27 (sHsp27) levels are a marker of distal symmetrical polyneuropathy in diabetic patients (Gruden et al. 2008) . However, there are no data on circulating Hsp27 in AIS. In this case-control study, we investigated if sHsp27 levels are altered in patients with AIS and studied their temporal trend after an acute ischemic event.
Methods
All consecutive patients admitted (September 2009 -January 2010 to the Emergency Department of the San Giovanni Battista Hospital-Turin with computer tomography (CT)-or magnetic resonance imaging (MRI)-proven cerebral infarction were recruited. Subjects admitted 24 h after the onset of symptoms or with hemorrhagic stroke, transient ischemic attack, neoplasms, inflammatory conditions, and serum creatinine of >2 mg/dl were excluded. Patients who died in the month after admission and those who underwent thrombolytic therapy were withdrawn from the study. In the remaining 15 patients, clinical data were recorded and neurological impairment assessed by the NIHSS scores. Stroke volume (n=11) was evaluated on 24-48 h follow-up brain CT/MRI scans. Fourteen comparable blood donors serve as a control group. Ethics committee approval was obtained and all subjects provided written informed consent. Body mass index (BMI) was calculated as weight×height −2
. Hypertension was defined as systolic blood pressure of >140 mmHg and/or diastolic blood pressure of >90 mmHg or treatment with antihypertensive drugs. Triglycerides, total cholesterol, high-density lipoprotein cholesterol, and serum creatinine levels were measured by standard laboratory techniques. Serum levels were measured by ELISA (Calbiochem San Diego, CA, USA). Serum Hsp27 was measurable in all subject with right skewed distribution of values, thus values were log-transformed. Variables are presented either as mean±SD or as median (25th-75th percentile) as appropriate. Student's t test was used for comparisons between groups.
Results and discussion
In this study, we have provided the first evidence that sHsp27 levels are increased in patients with AIS, a leading cause of morbidity and mortality in the Western World. Indeed, sHsp27 levels were threefold higher in patients than in control subjects (Fig. 1 ) though the two groups were comparable for both demographic parameters and cardiovascular risk factors (Table 1) .
This increase in circulating Hsp27 levels may mirror an increased Hsp27 expression into the brain. In keeping with this hypothesis, Hsp27 is upregulated in animal models of cerebral ischemia and stroke. Furthermore, both cell injury and necrosis are known inducers of Hsp release (Brownell et al. 2012; Kato et al. 1994 Kato et al. , 1995 Imura et al. 1999) . sHsp27 levels were not measured prior to the ischemic event; therefore, we cannot exclude the possibility that a rise in sHsp27 precedes and possibly predicts the occurrence of AIS. However, a 6-year follow-up period study of healthy women has recently shown that sHsp27 levels are not predictive of AIS (Kardys et al. 2008 ). Furthermore, a Hsp27 release prior to stroke would not have logical explanation as circulating HSP are released by pathologically changed or damaged cells. Finally, in our study, sHsp27 levels dropped 30 days after the event and were no longer significantly different from those measured in control subjects (Fig. 1 ) and this pattern in time is consistent with the hypothesis that AIS induces an acute rise in sHsp27 levels with a return to baseline within a month.
We found no correlation between sHsp27 levels and any clinical/laboratory parameter, including prehospital delay, National Institutes of Health Stroke Scale (NIHSS) score, and stroke volume. Consistently, a recent study has shown that levels of anti-Hsp27 antibodies, which are produced in response to extracellular Hsp27 release, are increased in patients with acute ischemic stroke, but do not correlate with either severity or prognosis (Azarpazhooh et al. 2010 ). This is not surprising because in experimental models Hsp27 overexpression is observed not only in ischemic perilesional areas, but also in non-ischemic remote ipsi-or even contralateral regions, likely because of spreading depression (Kato et al. 1995 , Popp et al. 2009 ). In patients with AIS, the study of sHsp27 temporal trend showed that values significantly changed over time (p= 0.002 repeated measurements ANOVA). Specifically, there was a significant fall at 24 h and a new rise at 48 h (Fig. 1) . The underlying mechanism is unknown; however, studies in experimental animals have shown that middle cerebral artery occlusion followed by reperfusion induces Hsp27 expression in both microglia and neurons of the perilesional area as well as in reactive astrocytes distributed widely in both perilesional and remote areas (Kato et al. 1995; Popp et al. 2009 ). Expression in perilesional neurons is rapid, but transient, possibly explaining the drop in sHsp27 levels herein observed. By contrast, Hsp27 expression in reactive astrocytes greatly increases after 1 day reperfusion. This raises the possibility that sHsp27 derived from astrocytes may account for the delayed sHsp27 rise observed in our patients and reflect the ongoing repairing process. Of interest, the three patients who died during hospital stay and the two patients who were discharged with severe neurological impairment did not show this characteristic biphasic temporal trend in sHsp27, suggesting a potential prognostic relevance of sHsp27 measurements. However, the sample size was too small to further explore this possibility. The topic is, however, of relevance as a recent study in an experimental model of stroke has shown that post-ischemic viral delivery of Hsp27 causes a significant reduction in brain lesion size (van der Weerd et al. 2010; Badin et al. 2009 ), underlying the importance of Hsp27 induction in neuroprotection and paving the way for future therapeutic applications.
In conclusion, this study shows that sHsp27 levels are increased in patients with AIS and have a characteristic pattern of change over time. Further studies are required to assess the potential clinical relevance of these preliminary findings.
